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LED SUBMOUNT WITH INTEGRATED 
INTERCONNECTS 

FIELD 

The embodiments of the invention are directed generally to 
packaging of semiconductor devices, such as light emitting 
diodes (LED), and specifically a LED submount with inte 
grated interconnects. 

BACKGROUND 

LEDs are used in electronic displays, such as liquid crystal 
displays in laptops or LED televisions. Conventional LED 
units are fabricated by mounting LEDs to a Substrate, encap 
Sulating the mounted LEDs and then optically coupling the 
encapsulated LEDs to an optical waveguide. 

Typically, numerous LEDs are fabricated simultaneously 
on a single wafer and then the wafer is diced to form indi 
vidual LEDs. When dicing the individual LEDs from a sap 
phire Substrate, the Sapphire Substrate is thinned to approxi 
mately 100 um and then etched or mechanically scratched to 
create scribe marks for a Subsequent break step using an anvil. 
Alternatively, the scribe marks may be formed with a laser. 

Fabricating individual LEDs using the conventional dicing 
methods may result in damage to the wafer and the LEDs. For 
example, a continuous GaN layer on a Sapphire Substrate 
imparts a compressive stress on the underlying Sapphire Sub 
strate which can affect the curvature of the substrate and may 
lead to undesired breakage of the substrate and destruction of 
the LEDs on the substrate. 

SUMMARY 

One embodiment provides a Submount for light emitting 
diode (LED) dies including a substrate comprising a plurality 
of tapered tubs and a plurality of integrated interconnects 
integrated into the Substrate. 

Another embodiment provides a method of mounting light 
emitting diode (LED) dies including forming a plurality of 
integrated interconnects which are integrated into the Sub 
strate using metal deposition and patterning, forming a plu 
rality of tapered tubs in a Substrate using photolithography 
and etching; and placing a plurality of LED dies into the 
plurality of tapered tubs after the step of forming a plurality of 
integrated interconnects. 

Another embodiment provides a submount for light emit 
ting diode (LED) die including a Substrate containing a plu 
rality of tubs configured to receive an LED die, and a plurality 
of integrated interconnects integrated into the Substrate. At 
least a portion of the interconnects for each tub have an 
exposed portion on a side of the Submount and at least some 
of the plurality of the interconnects are not connected to other 
interconnects in the Submount. 

Another embodiment provides a submount for light emit 
ting diode (LED) die including a plurality of tubs located in a 
first side of a Submount Substrate, a plurality of interconnects 
located on a second side of the Submount Substrate, the plu 
rality of interconnects extending through the Submount Sub 
strate to a bottom surface of the plurality of tubs, the plurality 
of interconnects providing independent electrical contact to 
an LED die in a tub of the plurality of tubs and one or more 
electrical contacts located inside the plurality of tubs. 

Another embodiment provides a method of making a light 
emitting diode (LED) array including forming a plurality of 
vias extending through a substrate, filling the plurality of vias 
with an electrically conductive material to form a plurality of 
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2 
conductive filled Vias, and forming a plurality of integrated 
interconnects which are integrated into a Substrate, and which 
electrically contact respective plurality of conductive filled 
vias. The method also includes forming a plurality of tubs in 
the Substrate using photolithography and etching, placing a 
plurality of LED die into the plurality of tubs after the step of 
forming the plurality of integrated interconnects, and dicing 
the substrate through the conductive filled vias to form 
exposed strip portions of the conductive filled Vias exposed on 
a side of the substrate. 

Another embodiment provides a method of making a Sub 
mount for light emitting diode (LED) die, including forming 
plurality of tubs in a first side of a submount substrate and 
forming a plurality of holes. Each of the plurality of holes 
extends from a bottom surface of the each respective tub of 
the plurality of tubs to a second side of the submount sub 
strate. The method also includes forming a plurality of inter 
connects located on a second side of the Submount Substrate, 
wherein the second side is opposite to the first side of the 
submount substrate, and wherein the plurality of intercon 
nects extend through the respective plurality of holes in the 
submount substrate to be exposed in the bottom surface of the 
plurality of tubs; and forming one or more electrical contacts 
located inside the plurality of tubs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A and 1B are schematic illustrations of a plan view 
and a side cross-sectional view, respectively, of a LED device 
with a square planar cross section. 

FIGS. 1C and 1D are schematic illustrations of a plan view 
and a side cross-sectional view, respectively, of a LED device 
with a hexagonal planar cross section. 

FIG. 2 is a plot of the reflection coefficient as a function of 
the angle of incidence for the LEDs of FIGS. 1A-1D. 

FIG. 3A is a schematic illustration of a top view of a 
rectangular shaped LED die with symmetry about thexandy 
axis; FIG. 3B is a schematic illustration of a top view of an 
asymmetrically shaped die according to an embodiment. 

FIGS. 4A-4D are a schematic illustration of a plan view of 
steps in a method of singulating LED die. 
FIGS.5A-5E are schematic illustrations showing the steps 

in methods of singulating LED die according to an embodi 
ment of the invention. 

FIG. 6 is a photograph of a singulated LED die. 
FIG. 7 is a perspective illustration of a submount according 

an embodiment. 
FIG. 8A is tilted perspective view of a submount according 

to another embodiment; FIG. 8B is a plan view of the sub 
mount of FIG. 8A. 

FIG.9 is schematic illustration of a cross-sectional view of 
the submount of FIG. 8B through line A.A. 

FIG. 10 is schematic illustration of a cross-sectional view 
of the submount of FIG.9 through line BB. 

FIG. 11 is a three dimensional cut away view illustrating a 
portion of the submount of FIG. 8B. 

FIGS. 12A, 12B and 12C are plan views of a submount 
according to another embodiment; FIG. 12D is a tilted per 
spective view of the submount of FIG. 12A. 

FIG. 13A is schematic illustration of a side cross-sectional 
view of the submount of FIG. 12A through line A-A. FIG. 
13B is a schematic of the side cross-sectional view of FIG. 
12A with an LED attached. 

FIGS. 14A-14H are schematic side cross-sectional views 
illustrating a method of making a submount according to an 
embodiment. 
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FIG. 15A is a tilted perspective view of an alternative 
submount; FIG. 15B is a plan view of the submount of FIG. 
15A; FIG.15C is a schematic side cross-sectional view of the 
Submount of FIG. 15A. 

DETAILED DESCRIPTION 

The present inventors realized that prior art methods of 
singulating ordicing semiconductor devices, such as LED die 
from Substrates, such as wafers, may result in damage to the 
wafer and the singulated LEDs. The present inventors have 
also realized that LED devices may be advantageously fabri 
cated with the use of a semiconductor Submount, Such as a 
silicon Submount with integrated interconnects in the Sub 
mount. The present inventors have further realized that the 
fabrication of LED devices having large numbers of LEDs, 
Such as thousands, such as tens of thousands, Such as hun 
dreds of thousands, such as millions, such as tens of millions, 
may be efficiently and inexpensively fabricated with the use 
of asymmetrically shaped LED die. In an embodiment, the 
first color (e.g., red) LED die have a first asymmetrical shape, 
the second color (e.g., green) LED die have a second asym 
metrical shape and the third color (e.g., blue) LED die have a 
third asymmetrical shape, where the first, second and third 
shapes are different from each other. In an embodiment, the 
Submount comprises asymmetrical tubs which correspond to 
the asymmetrical LED die. In another embodiment, the sub 
mount may be vibrated to aid in locating the asymmetrical 
LED die into the asymmetrical tubs in the submount. 

Compressive stresses up to 1 GPa may develop in GaN 
films grown on Sapphire Substrates depending on the thick 
ness of the GaN film, the growth temperature and the dislo 
cation density in the GaN film. Due to the lattice mismatch 
between the sapphire substrate and the III-V and or II-VI 
compound semiconductor materials of the LED nanowire 
materials used in nanowire LED devices, the nanowire LEDs 
are typically not directly grown on the Sapphire Substrates. 
Rather the LED nanowires are grown on a continuous GaN 
film deposited on the sapphire substrate. Thus, both planar 
and nanowire LED devices can be fabricated on sapphire 
Substrates. 

However, as discussed above, the amount of stress in the 
underlying GaN film can affect the curvature of the wafer and 
in Some cases lead to wafer breakage. Thus, in conventional 
scribe/break methods typically used to create GaN LED 
devices, wafer breakage should be carefully managed. Typi 
cally, the sapphire substrate is thinned to approximately 100 
um and mechanically scratched or etched to create scribe 
marks for the Subsequent break step using an anvil. 

In some cases, mechanical dicing methods have been 
replaced by lasers. Laser scribing reduces breakage and 
allows for narrower dicing streets. This ultimately increases 
the die yield and the number of die/wafer. 

Another advantage of a laser is that the power and focus can 
be controlled to manage the depth of the scribe. The inventors 
have realized that is property of the laser can be combined 
with the compressive stress in the GaN films on the sapphire 
nanowires to create alternative device geometries that would 
be difficult to achieve by conventional laser scribe/break 
methods. In another embodiment, the anvil breakage step 
may be replaced with a roller breaker process. 

In an embodiment, streets are patterned through the LED 
device layers on a completed wafer of die and etched from the 
top side of the wafer to the sapphire substrate. Device geom 
etries can include conventional shapes, such as squares or 
low-aspect ratio rectangles, as well as high-aspect ratio 
geometries, non-rectangular shapes, or shapes for which the 
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4 
convex hull of perimeter points is larger than the total shape 
area. High-aspect-ratio geometries are Suitable for extremely 
compact packages and are desirable, for example, for back 
lighting applications. 

In an embodiment, non-rectangular shapes include shapes 
which may be more circular than rectangular in character, e.g. 
hexagons, which in a package (device) 100 having a dome 
lens 104 yields improved package-level extraction efficiency 
compared to a square die with the equivalent area as illus 
trated in FIGS 1A-1D and 2. FIGS. 1A and 1B are schematic 
illustrations of a plan view and a side cross-sectional view, 
respectively, of a LED device 100S which includes a LED die 
102S with a square planar cross section. FIGS. 1C and 1D are 
schematic illustrations of a plan view and a side cross-sec 
tional view, respectively, of a LED device 100H which 
includes a LED die 102H with a hexagonal planar cross 
section. In both cases, the LED die 102S, 102H are located on 
a substrate 101 and covered with a transparent, dome shaped 
lens 104. 

In the embodiments, illustrated in FIGS. 1A-1D, the Sur 
face areas of the top surfaces of the LED die 102S, 102H are 
the same. As illustrated in FIGS. 1A-1D, when the surface 
areas of the LED die 102S, 102H are the same, the minimum 
distanced from the hexagonal LED die 102H to the edge of 
the lens 104 is less than the minimum distanced from the 
square LED die 102S to the edge of the lens 104. As a 
consequence in the difference in the minimum distance d. 
the incident angles 0 for light emitted from edges of the 
hexagonal LED die 102H tend to be smaller than the incident 
angles 0 for light emitted from edges of the square LED die 
102S. This results is a smaller reflection coefficient. There 
fore, light extraction efficiency will be greater for a LED 
device 100H with a hexagonal LED versus a LED device 
100S with a square LED die 102S with the same light emitting 
Surface area. 

FIG. 2 compares the reflection coefficient as a function of 
the angle of incidence for the LED devices 100S, 100H illus 
trated in FIGS. 1A-1D. As illustrated in FIG. 2, the reflection 
coefficient R, for the LED device 100H with the hexagonal 
LED die 102H is lower than the reflection coefficient Rs for 
the LED device 100S with the square LED die 102S for all 
angles between 10° and 90°. 
The improved package-level extraction efficiency is due to 

the reduction of emission into low-extraction modes 
approaching whispering gallery modes, e.g., light emitted 
from the corners of a square die. In addition, the projected 
beam from Such a die has a more circular character, which is 
beneficial for lighting applications. Similarly, alternative 
geometries, e.g. triangles, improve die-level extraction effi 
ciency due to the reduction of whispering gallery modes. 
Other sophisticated shapes may also be beneficial for forming 
tightly-packed LED arrays incorporating different die types. 

In an embodiment, pulsed laser methods are used to form a 
defect pattern inside the wafer which mimics the top surface 
street pattern. In an embodiment, a roller breaker is then used 
to separate the dies in the wafers. 

FIG. 3A illustrates a top view of a rectangular shaped die 
with symmetry about the X and y axis. Standard singulation 
techniques involving thinning and then mechanically sawing 
wafers results in die 102 that are symmetric about thexandy 
axes as shown in FIG. 3. Symmetry of an object is defined as 
the object having a mirror image across the line of the axis. 

FIG. 3B illustrates an asymmetrically shaped die which 
may be fabricated according to the methods described below. 
As described in more detail below, asymmetrically shaped die 
may be located in corresponding asymmetrically shaped tubs 
on a Submount. In this manner, LEDs that emit light at of 
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preselected wavelength/color may be uniquely located or 
arranged in a preselected pattern in a Submount. 
A laser defect generation and dicing technique known as 

stealth scribing, enables the singulation of die shapes without 
symmetry as illustrated in FIG. 3B. The stealth scribing pro 
cesses is illustrated in FIGS. 4A-D. The semiconductor 
device layers 103, such as LED layers, are formed on the front 
side 110F of a wafer 110, as shown in FIG. 4A. As illustrated 
in FIGS. 4A and 4B, the wafer is thinned and then mounted on 
a tape 112, front side (device side) 110F down. The smooth 
back side 110B of the wafer 110 is exposed. 

Stealth scribing involves a laser focused to an interiorpoint 
in a wafer 110, resulting in a pattern defects 120 at the point 
of focus of the laser, as shown in FIG. 4A. As illustrated in 
FIG. 4A, two lasers, a guide laser 114G and a scribe laser 
114S are typically used. The guide laser 114G measures the 
vertical height of the wafer 110 by reflecting light 116 off the 
smooth back surface 110B of the wafer 110. This measure 
ment is fed back to the scribing laser 114S, which follows the 
guide laser 114G and focuses its energy at a consistent plane 
118 inside the wafer 110. Preferably, the substrate is trans 
parent to the scribing laser 114G. In an embodiment, the 
Substrate is Sapphire and the scribing laser 114S operates at a 
wavelength of approximately 532 nm. 

The scribe laser 114S is rastered around the wafer 110 in 
x-y locations, writing the shape of the LED die 102 shown in 
FIG. 4C by placing defects 120 along the lines where the die 
102 will be broken. After laser “scribing” (i.e., writing) a 
pattern of defects 120 into the wafer 110, there is a pattern 122 
of defects 120 within the wafer 110, but the wafer 110 is still 
whole. The defects 120 are typically not be visible to naked 
eye on the wafer 110. 
As illustrated in FIG. 4D, the LED die 102 are singulated 

from the wafer by pressing on the back of the wafer 110 with 
an anvil 123. Preferably, the wafer is located on a table 127 or 
other suitable surface having a gap 129 opposite the anvil 123. 

FIG. 6 is a photograph of a singulated die made according 
to the above method. The plane 118 of defects 120 is clearly 
visible in the photograph. 

Thus, as described above, stealth scribing involves the 
application of internal defects to a wafer by laser focusing, 
and then anvil breaking the wafer along the lines of defects. 
Stealth scribing uses preferred crystalline orientations for 
cleaving as there is still a minimum force needed for anvil 
breaking to break the wafer. “Preferred crystalline orienta 
tions' means there are certain orientations that will cleave 
preferential to other non-preferred orientations. 

In one embodiment method of the present invention, the 
present inventors realized that etching of the continuous com 
pressive stress layer which is uniformly compressively stress 
ing the Substrate, raises the local stress at etched grooves, 
which aids the dicing process after generating a defect pattern 
in the substrate using a laser. For example, a III-nitride buffer 
layer, Such as a GaN buffer layer, on a Sapphire Substrate may 
be selectively etched to form street grooves which expose the 
Substrate, creating local areas of increasing stress. Increasing 
the local stress decreases the force needed to break the sub 
strate. Internal defects are then applied using the laser, as 
described above. Because of the increased local stress, the 
substrate can be broken with less force (e.g. roll breaking 
instead of anvil breaking), and can theoretically break in 
patterns inconsistent with the Sapphire crystal preferred 
cleaving orientation. 

In one embodiment, the method of dicing the substrate 
shown in FIGS.5A-5E includes depositing a continuous first 
layer 105, such as a GaN buffer layer, over the substrate 110. 
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6 
such as a sapphire wafer. The first layer 105 imparts a com 
pressive stress to the Substrate. 
The method also includes etching grooves 109 in the first 

layer 105 to increase local stress at the grooves compared to 
stress at the remainder of the first layer located over the 
substrate, as shown in FIG. 5B. The step of etching grooves 
109 comprises etching Street grooves in inactive regions 
through the LEDs (i.e., LED layers) 103 and through the first 
layer 105 to expose the substrate and to define a pattern of 
individual LED die on a first side of the substrate. 
The method also includes generating a pattern 122 of 

defects 120 in the substrate with a laser beam, as shown in 
FIGS. SC and SD. The location of the defects 120 in the 
pattern 122 of defects substantially corresponds to a location 
of at least some of the grooves 109, and preferably all of the 
grooves, in the in the first layer 105. The street grooves 109 
and the pattern 122 of defects 120 mimic a pattern of indi 
vidual LED die 102. 

Finally, the method includes applying pressure to the Sub 
strate to dice the Substrate along the grooves, as shown in FIG. 
5E. The pressure may be applied by roll breaking using roller 
(s) 125 rolled on the substrate 110 to form LED die 102. 

Specifically, as illustrated in FIG.5A, after fabricating the 
GaN buffer layer 105 and LED layers 103, either planar or 
nanowire, on the front side 110F of the substrate (e.g., sap 
phire wafer) 110, street grooves 109 are etched through the 
LED layers 103 and the buffer layer 105 down the surface 109 
of the wafer 110 (the front 110F or device side of the wafer 
110). 
As illustrated in FIG. 5B, the compressive stress due to the 

continuous layer on the Substrate, e.g. GaN on Sapphire, 
results in peak stress concentrated in the streets 109 in the 
GaN buffer layer 105. This concentrated stress in the streets 
109 aids in singulating the LED die 102 in a controlled man 
ner and reduces loss caused by cracks that might otherwise 
meander away from the streets 109 and damage adjacent die 
102. 
The wafer 110 is then thinned and mounted frontside 110F 

onto a tape 112 or another Support which keeps the singulated 
die 102 from scattering once they are singulated. Laser dam 
aged regions (i.e., defects) 120 may be introduced into the 
wafer 110 with a laser as described above. Damaged regions 
120 may be introduced with the laser either through the top 
(device) side 110F or the bottom (back) side 110B of the 
wafer 110. The pattern 122 of defects 120 preferably com 
prises a region of defects located less than 10 microns below 
a surface of the substrate 110. 
The patterns 122 of defects shown in FIG. 5D are for 

illustration purposes only. Other patterns may be produced as 
desired. The pattern 122 illustrated in FIG. 5D results in 
asymmetrically shaped LED die 102 while the pattern 122 
illustrated in FIG. 4C results in symmetrically shaped LED 
die 102. The wafer 110 is weakened in the locations that 
define the shape of the LED die 102. 
The wafer 110 is then subjected to roll breaking with rollers 

125, as shown in FIG. 5E. In an embodiment, two counter 
rotating rollers are used to singulate the LED die 102. The 
substrate 110 may cleaved along a non-preferred crystalline 
cleaving orientation during the step of applying pressure to 
the substrate to dice the substrate along the grooves 109. With 
this method, LED die 102 with symmetric and asymmetric 
die shapes can be made as shown in FIGS. 4D and 5E. 

FIGS. 7-11 illustrate submounts 124 according to other 
embodiments. The Submounts 124 may be non-semiconduc 
tor Submount, Such as Sapphire, SiO2 (e.g., quartZorglass) or 
semiconductor Submounts, such as silicon or silicon carbide. 
The Submounts 124 may used for example, in an integrated 
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backlight unit for a LCD display. In an embodiment, the 
submount 124 is fabricated with standard metal intercon 
nects, described in more detail below, prior to attaching the 
die 102. In an embodiment described in more detail below, the 
submount 124 includes symmetrical tubs 126 in which the 
LED die 102 are located. In the embodiment illustrated in 
FIG. 7, the submount 124, includes asymmetrical tubs 126A 
with the same asymmetric shape as the asymmetrical LED die 
102A. Several different asymmetric tub 126A shapes can be 
etched into the submount 124 which allows for several dif 
ferent LED die 102A to be integrated into the submount 124, 
as illustrated in FIG. 8A. In an embodiment, the submount 
124 is made of silicon. 

Another embodiment is drawn to a method of integrating 
asymmetrical LED die 102A into a submount 124 having 
asymmetrical tubs 126A as illustrated in FIG. 7. In this 
embodiment, the individual asymmetrical LED die 102A are 
dispensed onto the submount 124 while the submount is 
vibrated. This agitation aids in the placement of the correct 
asymmetrical LED die 102A fitting into the corresponding 
asymmetrical tub 126A. Preferably, only one combination of 
die and tub is possible. Also, the X-y asymmetry assures the 
correct side of the asymmetrical LED die 126A is “face up' 
(else the asymmetrical LED die 126A does not fall into the 
asymmetrical tub 126A). In an embodiment, when all the 
asymmetrical LED die 126A are placed in the correct asym 
metrical tub 126A, heat is applied to the submount 124 for 
eutectic bonding. Eutectic bonding is a metallurgical reaction 
between two different metals with heating in which the metal 
forman alloy at a temperature below the melting temperature 
of either of the metals. In an embodiment, a film of one metal 
is deposited on the bottoms of the asymmetrical LED die 
126A and a film of the other metal is deposited in the asym 
metrical tubs 126A. An example of a suitable eutectic reac 
tion for die attachment is Au Sn. Gold and tinforman alloy 
upon heating to approximately 280° C. 

In an embodiment, the metal interconnects are fabricated in 
the submount 124 before integrating the asymmetrical LED 
die 102A. In this embodiment, the asymmetrical LED die 
102A can be wire bonded to the pad on the metal intercon 
nects, as described in more details below. Wire interconnects 
on the submount 124 may be fabricated by standard silicon 
processing techniques prior to assembly of the LED device 
100. After the asymmetrical LED die 102A are affixed to the 
submount 124, the front side of the die 124 may be electri 
cally connected to the metal interconnects in the Submount 
124 by a direct write process, such as inkjet deposition or 
microdispense of metal interconnects. After metal connection 
from the LED die 102A to the submount, an encapsulant may 
be deposited over the LED die 102A. 

Alternatively, if there are no interconnects on the submount 
124, the interconnects may be deposited from the asymmetri 
cal LEDs 102A to the submount 124 by direct write via inkjet 
printing of metal and deposition and patterning of a photoac 
tive polyimide material. That is, in this embodiment, all of the 
metal interconnects are fabricated after the LED die 102A are 
assembled into the submount 124. Multiple layers of metal 
interconnects may be made by a direct write process using ink 
jet deposition of metal connects and deposition and pattern 
ing of a photoactive polyimide that acts as an insulator 
between the layers of metal interconnects. 
As in the previous embodiment, after the asymmetrical 

LED die 102A are connected to the submount 124, encapsu 
lant can be deposited over the asymmetrical LED die 102A 
with standard encapsulant techniques. In an alternative 
embodiment, the interconnects may be formed by a lift off 
process after depositing metal onto a patterned resist by 
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8 
evaporation or sputtering. The dielectric layers D1, D2, D3, 
D4 Surrounding the interconnects may be formed by deposi 
tion, Such as by chemical vapor deposition and patterning or 
any other suitable method. 
The above described fabrication processes are more cost 

effective to assemble devices with large numbers of LED die 
102A than existing methods involving printed circuit boards 
which require individual placement and attachment of LED 
die 102, and individual wire bonding of the individual LED 
die 102 to metal interconnects on the printed circuit board. 

FIGS. 8A-11 illustrate a silicon submount 124 suitable for 
use with an integrated back light unit according to another 
embodiment. The silicon submount 124 is less expensive to 
fabricate in mass production than some prior art packages. 
Features of the submount 124 include integrated multilevel 
interconnect fabrication with the submount, selective Ni/Ag 
plating of the tubs onto highly doped Si, and deep Si etch of 
tubs over existing multilevel interconnect stacks. FIG. 8A is 
tilt view of the submount 124. The submount 124 has a die 
portion 224 and a separate outside contact portion 324. For 
clarity, only half of the metal interconnects (metal lines M1, 
M2, M3, M4) are shown in FIG. 8A, the metal lines M1M3, 
M3, M4 on the other side are not shown. FIG. 8B is a plan 
view of the submount 124 while FIGS. 9 and 10 are cross 
sectional views of the submount 124 through lines AA and 
BB, respectively. The cross section illustrated in FIG. 9 is 
through one of the tubs 126 prior to attachment of an LED die 
102. The cross section illustrated in FIG. 10 is through a pad 
area between tubs 102. FIG. 11 is a three dimensional cut 
away view illustrating a portion of the submount of FIG. 8B. 

Each symmetric tub 126 is configured to hold an LED die 
102. As illustrated in FIG. 9, the tubs 126 are preferably 
tapered. That is, the bottom of the tub 124 in which each LED 
die 102 is located has a width w, equal to or slightly larger 
than the width of the LED die 102 while the top of the tub 126 
has a width w, larger than W. The top width w, is larger than 
w, to aid in locating the LED die 102 into the tubs 126 and to 
reflect light that is incident on the sidewalls in a direction 
normal (upward) to the plane of the LED die 102. The angle 
of the taper 0 may be 75-85°, such as 80-85°. 

In the embodiment illustrated in FIG. 8B, the submount 
124 includes three symmetric tubs 126. In an embodiment, a 
first tub 126 includes a red LED die 102R, a second tub 126 
includes a green LED die 102G and the third tub includes a 
blue LED die 102B. However, all of the tubs 126 may include 
LED die that emit the same color of light. Further, the sub 
mount 124 is not limited to three tubs 126. The submount 124 
may have any number of tubs 126, such as 2-72, such as 3-60 
tubs, such as 6-48 tubs. In an embodiment, a segment is 
defined as three tubs 126, typically including one red LED die 
102R, one green LED die 102G and one blue LED die 102B. 
The Submount may include 1-24 segments, such as 2-20 
segments, such as 3-16 segments. The tubs 126 may be filled 
with either a transparent encapsulant, Such as silicone, or a 
nontransparent encapsulant containing a phosphor that 
changes the wavelength (e.g., blue) of the light emitted from 
the LED die 102 to a different wavelength (e.g., red). 

In the embodiment illustrated in FIGS. 8A, 8B and 9, the 
contacts to the electrodes of an outside power Supply are 
shown in the outside contact portion 324. The die portion 224 
may be repeated many times, such as 8 times, for a total of 24 
LED die, but only one outside contact portion 324 with con 
tacts 131 is needed for these 24 die. The individual outside 
contacts 131 connect each color LED(s) 102 to the power 
Supply. 
As illustrated in FIG.8B, the submount 124 includes metal 

pads 128 between the tubs 126 for wire bonding. By placing 
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the metal pads 128 between the tubs 126 rather than along the 
sides as in conventional submounts, the width of the sub 
mount can be reduced. Reduction of this width is valuable for 
maintaining a small form factor, as it is a part of the thickness 
of the display unit. Each LED die 102 includes corresponding 
bond pads 130. Wire bonds 136 connect the metal pads 128 on 
the submount 124 to the corresponding bond pads 130 on the 
LED die 102. 

Also included in the submount 124 are metal lines M1-M4 
which are used to supply current to the LED die 102. The 
“metal' lines M1-M4 may be made of any conductive mate 
rial including metals and alloys, such as Al, Cu, W. Cr and 
TiW, as well as conductive compounds, such as TiN and 
indium tin oxide (ITO). While four lines are shown, other 
number of lines may be used. As illustrated in FIGS. 10 and 
11, the metal lines M may be located in different levels within 
the submount 124 such that there are four levels M1, M2, M3, 
M4. The metal lines M1, M2, M3, M4 may be 1-10 um in 
width, such as 2-5 um. Further, the metal lines M1, M2, M3, 
M4 may be electrically isolated with dielectric layers D1, D2, 
D3, D4 as illustrated in FIG. 11, which also physically sepa 
rates the layers. That is, dielectric layers D1, D2, D3, D4 may 
be deposited under and over the metal lines M1, M2, M3, M4 
such that the metal lines M1, M2, M3, M4 are located in 
different levels above the submount substrate 140. As illus 
trated, metal lines M1, M2 and M3 are located within the 
submount 124. That is, metal lines M1, M2 and M3 are buried 
in the submount 124. In contrast, metal lines M4 are located 
on a top surface of the submount 124. The top metal layer, M4 
in this case, connects the LEDs 102 to the outside power 
Supply using the metal pad contacts 131. For example, lines 
M4 may be bus lines which provide current to electrode lines 
M1, M2, M3 which connect to the LED die 102. The top level 
metal, M4 in this case, is connected to the lower levels of 
metal lines M1-M3 with conductive material filled vias 135 
(e.g. Vias filled with an electrically conductive material. Such 
as aluminum or copper). Each via 135 connects to the lower 
level at a feature in the lower level. Such as metal landing pad 
134. As illustrated, the metal landing pads 134 are square. 
However, the metal landing pads 134 may be circular, rect 
angular, hexagonal or any other Suitable shape. Alternatively, 
the metal landing pads 134 do not have a shape. That is, the 
vias 135 may connect with the metal line M1-M4. In an 
embodiment, the landing pads 134 are square with sides 5-30 
um, Such as 10-20 um in length. 
The present inventors also realized that single crystal sili 

con could be used to not only create submounts 124 with tubs 
126 created in the silicon substrate, but could also be selec 
tively electroplated with a highly reflective metal 138 in the 
tubs 126. The highly reflective metal minimizes light loss. 
The inventors also realized that multilayer interconnects 
could be fashioned on the Si submounts 124 which enable 
individual LED die 102 to be connected to one another on the 
submount 124. The use of multilayer interconnects, printed 
by standard photolithography techniques, enables the silicon 
submount 124 to have a small form factor, which is allows its 
use in space-sensitive devices such as mobile phones. 

Thus, as also illustrated in FIG.9, a metal film 138 lines the 
tub 126. The metal film 138 material (e.g., Au—Sn or 
Ni–Al) is selected to react with a second metal film (not 
shown) on the bottom of the LED die 102 to form a eutectic 
bond as discussed above. In an alternative embodiment, the 
metal film 138 may be a reflective material such as Ni Ag. 
As discussed above, the metal film 138 may be selectively 
electroplated on the exposed heavily doped silicon. 
Many copies of the silicon submount 124 may be repro 

duced on a silicon wafer simultaneously. The individual sub 
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10 
mounts 124 may be separated from each other physically by 
unpatterned silicon wafer sections called Streets. 

In an embodiment, the Submount is made of silicon and 
includes integrated interconnects for an integrated back light 
unit. In an embodiment: 

1. Red, green, and blue LED die 102R, 102G, 102B are 
6-12. Such as 8-10 mils square, e.g., a maximum of 210 
um. However, in alternative embodiments, other size 
LED die 102 may be used; 

2. A 365 nm contact lithography stepper may be used to 
produce line/spaces of 5um/5um; 

3. The tubs 126 may be 200-400 um deep, such as 300 um 
deep with 65-89 degree sloped sidewalls, such as 85 
degree sidewalls; 

4. The tubs 126 preferably have reflectors (i.e., film 138) on 
the bottom and sidewalls; 

5. The street widths are less than 150 um, such as 100 um, 
if conventionally scribed and may be less if stealth 
scribed: 

6. Al may be used as a hard mask when deep etching a Si 
Submount. In alternative embodiments, a more refrac 
tory metal than Si, such as Cr, Ti, TiN, Tiw, or W may be 
used on top of Al to resist the Si etch. 

In an embodiment, the submount 124 may be 530 um wide 
and 33,120 Lim long, not including pads 131 to contact to the 
outside for power. Add 300 um to the length for the 6 pads 131 
that will attach to the outside world and the submount 124 
length is 33,420 um. On a 200 mm Si wafer with 3 mm edge 
exclusion, this enables 1355 submounts 124 per wafer. 
An embodiment is drawn to a method of making the above 

submount 124. One aspect of the embodiment of the method 
includes the following process flow: 

1. Starting material: mechanical grade highly doped 200 
mm diameter Si wafers; 

2. Deposit or grow 1000 A SiO, film on the Si wafer; 
thickness can be anywhere from 200 A to 10 um. Alter 
nately, photoactive polyimide can be used in place of the 
SiO, or other dielectrics, such as low-k SiCOH, SiN. 
Al2O, etc dielectrics. 

3. Pattern 300 A Ti/1 um Al (thin Ti for adhesion) lines on 
the SiO, by a lift off technique or mask and etch (metal 
1, or M1); thicknesses can be anywhere from 50 A to 1 
um of Tiand 2000 A to 3 um Al. Alternately there can be 
an antireflective coating on top of Al, typically Ti, TiN. 
WN, or Cr; 

4. Deposit a second SiO film 1 micron thick on top of M1; 
thickness can be anywhere from 200 A to 10 um, 
although in general, it should scale with the thickness of 
the metal; 

5. Deposit a second Ti/Alline, or M2, on top of the second 
SiO2 film; 

. Deposit a third SiO film on top of M2; 
7. Deposit a third Ti/Al film M3 on top of the third SiO, 

film; 
. Deposit a fourth SiO film on top of M3; 
. Pattern the fourth oxide film and dry etch SiO, to open 
the vias and pads to M1, M2, & M3; 

10. Deposit, pattern, and etch Ti/A1 film M4 on top of the 
fourth SiO film; with the pads to M1, M2, and M3 open, 
M4 will now connect to the lower metal layers. M4 is 
called the bus line(s). In an embodiment, there are 6 
discrete interconnects in M4, allowing n and p connec 
tions to the red, green, and blue LED. The LED can be 
connected in series or parallel at the designer's discre 
tion. If a via connects each die to the bus line, then all 
LED are connected in parallel. If there are only vias at 
the first and last (e.g., 72") LED, then the LED are 
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connected in series. Any other combination is also pos 
sible (e.g. connect every 3" red LED, so that there are 3 
in series, and that group of 3 is connected in parallel to 8 
other groups of 3); 

11. Deposit a fifth SiO, film on top of M4 (this final SiO, 
film forms the passivation); 

12. Pattern the tubs, and proceed to dry etch the SiO, 
13. Dry etch 300 um deep tubs into the Si wafer. The tubs 
can be skipped (Olum deep, or can be anywhere from 100 
to 500 um deep); 

14. After Si etch, electroplate Ni/Ag into the exposed con 
ductive Si. Typical reflective Ni/Ag thicknesses are 300 
A Ni/2000 A Ag. Nickel thickness can range from 50 A 
to 5000 A, and silver thickness can range from 500 A to 
5um; Alternatively, a Au Sn alloy or bilayer is depos 
ited for eutectic bonding: 

15. Singulate LED die using sawing or any of the other 
singulation methods; 

16. Die attach by eutectic bonding or by epoxy or silicone 
adhesive, followed by curing of same; 

17. Wire bond, e.g. with Au wire bonds; 
18. Encapsulate, e.g. using silicone, which can alternately 
have a phosphor powder embedded in it, converting the 
LED's light from one wavelength to another. 

Both Al and SiO, have excellent resistance erosion during 
silicon etch. When these materials are combined with a thick 
photoresist and time multiplexed deep silicon etch tech 
niques, there is sufficient margin to etch 300 um of silicon 
without significant erosion of features that are masked from 
the etch. Electroless nickel plating of silicon is an established 
technique to metallize silicon. Subsequent silver plating the 
nickel is also an established technique, and allows for the 
selective plating of the tubs while not plating the SiO-cov 
ered areas. Silicon Submounts have advantages in wafer level 
packaging (high productivity fabrication), Superior heat sink 
capability of silicon compared to more standard composite 
packages, and better thermal expansion match between sili 
con and Sapphire compared to Sapphire and composite pack 
ages. In an embodiment, all fabrication steps are performed at 
temperatures below 550°C., such as below 525°C., such as 
below 510°C. The submounts 124 described above incorpo 
rate multilayer interconnects that allow electrical connection 
of individual die contained within the submount 124, while 
maintaining a small form factor. 

FIGS. 12A-D, 13A and 13B illustrate a submount 124 
according to another embodiment. FIGS. 12A-C are plan 
views which include the LEDs 102 and wire bonds 136, while 
FIG. 12D is a tilt view. FIGS. 13A and 13B illustrate a side 
cross-section of the submount of FIG. 12A through line A-A. 
with (FIG. 13B) and without (FIG. 13A) the LED 102 and 
wire bonds to them. This embodiment does not include metal 
lines M1, M2, M3, M4 that extend through the length of the 
submount 124. That is, in contrast to the embodiment illus 
trated in FIGS. 8A-10, LED die 102 of the same color (e.g. 
LED red die 102R, green LED die 102G and blue LED die 
102B) are not connected in series by the metal lines M1, M2, 
M3, M4. In contrast, this embodiment includes metal lines 
160 on the surface of the submount 124 that are connected to 
conductive filled vias 135 on both sides of tubs 126. In this 
manner, each of the individual LED die 102 on the submount 
124 is separately addressable. Thus, the individual LED die 
102 can be connected in series or parallel or any combination 
of series and parallel. In an embodiment, the upper Surface of 
the conductive filled vias 135 are covered with a metal pad 
134. In an embodiment, the conductive filled via is filled with 
copper and the metal pad 134 is made of aluminum. 
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12 
As illustrated in FIG. 13A, the tubs 126 are lined with a 

metal film 138 as in the previous embodiment. Preferably, the 
submount substrate 140 is made of silicon. To prevent current 
from shorting from the conductive filled via 135 to the sub 
mount substrate 140, a dielectric layer 143, such as SiO, may 
be formed on the surface of the submount substrate 140 to 
separate the conductive filled via 135 from the submount 
substrate 140. The dielectric layer 143 forms a shell which 
surrounds the conductive filled vias 135. 
An embodiment of making the submount 124 of FIG. 12A 

is illustrated in FIGS. 12B, 12C, 13A and 13B. A cut out 
portion of the submount substrate 140 is shown in FIG. 12B. 
First, a pattern of through holes 139 may first be etched in the 
submount substrate 140, as shown in FIG. 12B. The through 
holes 139 may be 300-500 um (e.g. 400 um) deep and 50-100 
um (e.g. 80 m) wide. The dielectric layer 143 shown in FIG. 
13A may then be formed on the surface of the through holes 
prior 139 to filling the through holes with conductive material 
to form the conductive filled via 135. If the submount Sub 
strate 140 is made of silicon, the dielectric layer 143 may be 
made of silicon dioxide formed, for example, by oxidizing the 
surface of the through holes. Alternatively, the dielectric layer 
143 may be made of silicon nitride made by CVD deposition 
of SiN. 
The conductive filled via 135 may be made by depositing a 

seed layer of metal. Such as copper or aluminum via electro 
less plating or any other suitable process followed by electro 
plating a conductor, Such as Cu, to fill the through hole. 
Optionally, one or more barrier layers may be formed on the 
surface of the dielectric layer 143 in the through holes prior to 
forming the conductive filled via. Following formation of the 
conductive filled via 135, excess conductive material may be 
removed from one or both Surfaces (e.g. the top and bottom) 
of the submount substrate 140 via chemical mechanical pol 
ishing (CMP) or any other suitable process. 

In an alternative method of making the conductive filled via 
135, a dual damascene process may be used. In this method, 
an oxide layer is formed over the surface of the submount 
substrate 140. Trenches are then patterned in the oxide layer 
and through holes patterned in the bottom of the trenches. The 
conductive filled vias 135 are made by filling the though holes 
and the trenches with conductive material. Such as copper. As 
discussed above, excess conductive material can be may be 
removed from one or both Surfaces (e.g. the top and bottom) 
of the submount substrate 140 via chemical mechanical pol 
ishing (CMP) or any other suitable process, such as etchback. 

Next, as illustrated in FIG. 13A, after forming the conduc 
tive filled vias 135, a dielectric layer 141, such as SiO, may be 
deposited over conductive filled vias 135 and the metal lines 
160. The dielectric layer 141 may be 0.150-200 um, e.g. 1 um 
thick. The dielectric layer 141 may then be patterned and dry 
etched to make openings above the conductive filled vias 135. 
Bond pads 134 may then be formed in openings in the dielec 
tric layer 141. In an embodiment, the bond pads are made of 
aluminum. 

Next, the tubs 126 are formed in the submount substrate 
140, as shown in FIGS. 12B and 13A. The tubs 126 may be 
formed by patterning and etching, such as by dry or wet 
etching. Similarly to the embodiment illustrated in FIGS. 
8A-10 above, a metal film 138 may be deposited on the 
sidewalls of the tubs 126. LEDs 102 may be attached to the 
Submount 124 as discussed above. 

Then, the substrate 140 may then be diced along lines B-B 
and C-C in FIG. 12B to form a plurality of elongated sub 
mounts 124, one of which is shown in FIGS. 12A and 12C. 
The submount 124 may have one row of tubs 126 each con 
taining an LED die 102. Since the dicing lines B-B and C-C 



US 9.287,468 B2 
13 

extend through the conductive filled vias 135, a portion 135A 
of each via is exposed in the side of each submount 124. In 
this manner, conductive strips 135A having a width of 10-100 
um (such as 40 um) are formed on the sides of the Submount 
124. Thus, electrical contact can be made to LED die 102 in 5 
the submount 124 through the exposed strips 135A on the 
sides and/or bottom of the submount 124 for independent 
LED die control. For example, independent or common out 
side leads 135B are electrically connected to the exposed strip 
portions 135A of the conductive filled vias 135 exposed on 10 
the side(s) of the submount 124 substrate 140, as shown in 
FIG. 12C. The plurality of LED die may be electrically con 
nected in series or in parallel or a combination of series and 
parallel using the outside leads 135B. 

Thus, the method illustrated in FIGS. 12B, 12C and 13 15 
includes forming vias extending through the Substrate, filling 
the vias with an electrically conductive material to form con 
ductive filled vias 135 which electrically contact respective 
ones of the plurality of integrated interconnects and forming 
a plurality of tubs 126 in the substrate 140 using photolithog- 20 
raphy and etching. The plurality of LED die 102B, 102G, 
102R and then placed into the plurality of tubs (preferably one 
LED die to a tub 126), and the substrate 140 is diced through 
the conductive filled vias 135 to form exposed strip portions 
135A of the conductive filled vias exposed on a side of the 25 
substrate 140. Then, outside leads 135B are electrically con 
nected to the exposed strip portions 135A of the conductive 
filled vias 135 exposed on the side(s) of the substrate 140. 

FIGS. 14A-14H are schematic side cross-sectional views 
illustrating a method of making a Submount according to 30 
another embodiment. This embodiment also allows indepen 
dent control similar to the embodiment illustrated in FIGS. 
12A-C and 13A-B but by using bottom contacts 145 to the 
LED die 102 and metal M5 (described in more detail below) 
in a through hole 140 to the bottom of the tubs 126. In a first 35 
step illustrated in FIG. 14A, a submount substrate 140 is 
patterned such that tubs 126 etched in the submount substrate 
140. Preferably, the tubs 126 are slightly larger than the LED 
die 102 which will be located in the tubs 126. In an embodi 
ment, the tubs 126 are wider than the LED die 102 which will 40 
be located in the tubs 126 and are deeper than the thickness of 
the LED die 102. In an embodiment, the submount substrate 
140 is approximately 100-400 um, such as 200 um-thick and 
the tub 126 is approximately 50-200 um, such as 100 um 
deep, leaving approximately 50-200um, such as 100 umthick 45 
floor 147 in the tub 126. 

In a next step illustrated in FIG. 14B, a hole 142 is formed 
in the floor 147. Preferably, the hole 142 is formed in the 
middle of the tub 126. The hole 142 may be formed through 
the floor 147 by laser ablation or any other suitable method, 50 
Such as patterning and etching. 
As discussed above, the submount substrate 140 may be 

made of silicon, which is semiconducting. As illustrated in 
FIG. 14C, a dielectric layer 144 may be formed on the sur 
faces of the submount substrate 140 to provide an insulation 55 
layer between the submount substrate 140 and the LED die 
102. The dielectric layer 144 may be SiO, which is formed, 
for example, by oxidizing the Surfaces of the Submount Sub 
strate 140. Alternatively, the surfaces of the submount 124 
may be nitrided to form a silicon nitride layer or coated with 60 
a high-K dielectric material, such as Al-O to form an Al-O 
layer 144. Preferably, the top, bottom and inner surfaces of the 
hole 142 are covered with dielectric layer 144. 

In the next step illustrated in FIG.14D, the hole 142 is filled 
from the back side of the submount substrate 140 with a 65 
conducting material M5. Such as copper to form an intercon 
nect 145. The interconnect 145 may be made, for example, 

14 
with a dual damascene process. In the dual damascene pro 
cess, an insulating layer 146 is deposited over the back side of 
the submount substrate 140. The insulating layer 146 is pat 
terned and etched to form a trench in the insulating layer 146, 
exposing the hole 142. The trench and the hole 142 are then 
filled with the conducting material M5 to form the intercon 
nect 145. To remove excess conducting material, a chemical 
mechanical polishing (CMP) step may be performed on the 
bottom side of the submount substrate 140 using the insulat 
ing layer 146 as a polishing stop. 

Next, as illustrated in FIG. 14E, contact holes 148 are 
formed in the dielectric layer 144 inside the tubs 126 from the 
front side. The contact holes 148 may be made by laser 
ablation or any other Suitable process, such as masking and 
etching. 

Next, as illustrated in FIG. 14F, conductive material is 
deposited in the contact holes 148 and the surface of the 
conductive material M5 of the interconnect 145 to form elec 
trical contacts 150A, 150B. The electrical contacts 150 are 
preferably made from a different material than the conductive 
material M5, such as Alora solder material like Pb–Sn. In an 
embodiment, the electrical contacts 150A, 150B are formed 
by microdepositing by inkjet printing, aerosol spraying, or 
microdispensing. 

In the next step illustrated in FIG. 14G, the LED die 102 is 
placed into the tub 126. The LED die 102 is then bonded to the 
electrical contacts 150A, 150B. Bonding may be accom 
plished by anodic bonding, thermocompression bonding, 
eutectic bonding, or solder bonding. In an embodiment, the 
LED die 102 has a reflector, such as a distributed Bragg 
reflector (DBR), on the same side as the electrical contacts 
150A, 150B to enhance light extraction opposite from the 
electrical contacts 150A, 150B. In an embodiment, all LED 
die 102 share a common contact 150A (located on an edge) in 
contact holes 148 on the heavily doped silicon submount 
substrate 140. The common contact 150A may be either the 
cathode oranode. In this embodiment, each LED die 102 has 
one discrete (not common) contact 150B (preferably located 
in the center, e.g. connected to conductive material M5 of 
interconnect 145). In this manner, each LED die 102 can be 
driven independently of the other LED die 102 by applying 
current or voltage to the interconnect 145 of the selected LED 
die 102. 

In the embodiment illustrated in FIGS. 14A-14H, the LED 
die 102 is configured to be top emitting with bottom contacts 
145. In the embodiment illustrated in FIGS. 12A-C and 13, 
the LED die 102 is configured to be top emitting with top 
contacts via bond pads 130. 

In another step in the method of this embodiment, illus 
trated in FIG. 14H, clear silicone or another radiation trans 
missive encapsulant 152 is deposited over the entire sub 
mount substrate 140 to protect the LED die 102 from the 
environment. The encapsulant 152 may be deposited by 
molding or screen printing and curing or any other Suitable 
method. 

FIGS. 15A-15C illustrate another embodiment of a semi 
conductor LED Submount 124 containing castellated metal 
contacts 2, Such as the contacts described in U.S. patent 
application Ser. No. 14/031,751 filed on Sep. 19, 2013 and 
incorporated herein by reference in its entirety. The LED die 
102 are placed in a Submount 124. Such as a rectangular box 
with one side open, made from a silicon substrate. The sub 
mount 124 has two tubs 3, 4 with castellated metal contacts 2 
integrated in the floor of the tubs 3, 4. The contacts 2 make a 
connection to electrodes of an outside power Supply. The 
green and blue LED die 102G, 102B are located in a first tub 
4, and a blue LED die is located in the second tub 3. A clear 



US 9.287,468 B2 
15 

encapsulant 7 is used to seal the green and blue LED dies 
102G, 102B in the first tub 4. An encapsulant with a red 
phosphor 8 is used to seal the blue LED die 102B in the 
second tub 3. 
The LED die 102 are mechanically attached to the bottom 

of the submount stubs 3, 4 with a silicone adhesive. The LED 
die 102 are electrically attached to the metal contacts 2 of the 
submount with wire bonds 136. This package, which contains 
one or more LED die, can be integrated into another device, 
Such as an LCD display. 

Although the foregoing refers to particular preferred 
embodiments, it will be understood that the invention is not so 
limited. It will occur to those of ordinary skill in the art that 
various modifications may be made to the disclosed embodi 
ments and that such modifications are intended to be within 
the scope of the invention. All of the publications, patent 
applications and patents cited herein are incorporated herein 
by reference in their entirety. 
What is claimed is: 
1. A submount for light emitting diode (LED) die, com 

prising: 
a Substrate comprising a plurality of tubs configured to 

receive an LED die; and 
a plurality of integrated interconnects integrated into the 

Substrate, 
wherein at least a portion of the interconnects for each tub 

have an exposed portion on a side of the Submount and at 
least some of the plurality of the interconnects are not 
connected to other interconnects in the Submount. 

2. The submount of claim 1, wherein the submount allows 
electrical connection of LED die in series or in parallel or a 
combination of series and parallel by outside leads to the 
exposed portion of the interconnects on the side of the sub 
mount. 

3. The submount of claim 1, further comprising a first metal 
layer in the tubs, the first metal layer configured to form a 
eutectic bond with a second metal layer on an LED die when 
heated. 
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4. The submount of claim 1, wherein the submount com 

prises a plurality of interconnect levels located at different 
depths within the submount. 

5. The submount of claim 1, further comprising a plurality 
of conductive filled vias connecting a first set of the plurality 
of integrated interconnects buried in the Submount to a second 
set of plurality of integrated interconnects on a Surface of the 
Submount. 

6. The submount of claim 5, wherein the submount com 
prises a semiconducting silicon Substrate and a dielectric 
layer located between the conductive filled vias and the semi 
conducting silicon Substrate. 

7. The submount of claim 6, further comprising one or 
more barrier layers on the surface of the dielectric layer. 

8. The submount of claim 4, wherein: 
the Submount comprises a first buried interconnect level, a 

second buried interconnect leveland a third buried inter 
connect level; and 

the first buried interconnect level is associated withan LED 
die emitting light having a first color, the second buried 
interconnect level is associated with an LED die emit 
ting light having a second color and the third buried 
interconnect level is associated with an LED die emit 
ting light having a third color. 

9. The submount of claim 1, wherein the plurality of 
tapered tubs comprise a taper angle Obetween 75 and 89 
degrees and wherein the plurality of integrated interconnects 
have a width between 0.1 and 10 um. 

10. A light emitting array comprising the Submount of 
claim 1, a plurality of LED die mounted in the submount and 
a plurality of the outside leads, wherein each of the plurality 
of the outside leads is electrically connected to the exposed 
portion of one of the plurality of the interconnects on the side 
of the submount to allow independent addressing of the plu 
rality of LED die. 


